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_ ’ ~ ABSTRACT -
The partly weathered magnetite-sulphide skarn at the Paddy's Aiver Mine
in the Austraiian Capital Terrilory conlains a diverse assemblage of pri-
mary and secondary minerals. More than 70 species have been identi-
" fied, including exceflent specimens of aurichalcite, brochantite, cerus-
site, hemimorphite, hydrozincite and linarite. Rarer minerais such as
caledanite, rozenite, zincsilite and globular native silver also occur at the

site.

INTRODUCTIORN
The Paddy's River Ming, aiso known as

per lode and the Half Mile deposit, is locat-
ed along the Paddy's River, 0.7 km south
of its junction with the Cotter River in the
Australian Capital Temitory {Fig. 1). The lo-
cality is within easy walking distance (15
minutes) of the Cotter recreational reserve,
22 km west of the capital city of Canberra.
The abandoned mine workings are'in a
magnetite-bearing skarn developed near
the contact between a granite body and a
limestone unit in the Paddy's River Volcan-
ics. Most of the magnetite cutcrops are on
the eastern side of a steep and partly tim-
bered ridge. In addition to magnetite, the
skarn contains small quantities of copper,
lead, zine, silver and gold, and the deposit
was worked on a small scale for some of
these metals at the tumn of the century. To-
day the old mine is a favourite coliecting
site for arnateur mineralogists, as well'as an

EY

imporiant locality for school and college ex- -
_cursions. The dumps and cutcrops contain -

a variety of-skarn minerals and primary sui-

phides, plus a host of interesting and rare

secondary minerals. To date, only a very’
brief description of the deposit has been

published {Smith, 1963) and there has

been no systematic identification or de-

scription of the great variely of mineral spe-

cies.

- HISTORY

The Paddy's River deposit was first
prospected and worked by Thomas Coyle
in 1895. Coyle mined 61 tonnes of ore for
a production of 2.6 tonnes of copper and
26.1 kg of silver, worth at the time £225
{N.3.W. Mines Dept. 1896, Gilligan, 1975).

In 1897 copper prospecting operations
were resumed by members of a Melbourne
financed syndicate, who were said to have
obtained “fair prospects”, alihough there is
no record of production at this time (N.S.W.
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Dept. Mines, 1858).

No turther prospecting or mining aclivity
was reparied untit 1307 when the Cowlay
Copper Syndicale Lid. extensively testad
the deposit, This group, headed by a Mr.
P.E. Marmion ot Queanbeyan, exiendad
the existing adit {Tunnel No. 1) and devel-
oped two addilional adits {Tunnels No. 2
and 3) together with a number of cross cuts
and winzes (Marmion, 1908; Figs. 1, 2 and
3). The results of this work were generally
disappointing. Soms good palches of ore
were encountered but could not be proved
into a payabls deposit and the mine was
closed down. The N.S.W. Mines Depart-
menl (1809a and 1903b) reported that the
syndicale had “proved the existence of a
large low-grade are deposit, but of too
complex a nature to parmit of cheap treat-
ment” and that "no ore was daspatched
from the mine owing lo Hs somewhat inac

gossan nplng maghotite skam. Photograpl

Fig. 2. Part of the old surfaca workings at the Paddy'a'ﬂlv‘or Mine (fereground) aiso showling tha
durnp fram Tunnel No. 1 (downhlll and bahind P. Mifstead). The large outcrop in the foreground is
h taken looking east. o

cessible loé@n and the low grade of the
matetial®.

. In 1910, prior {0 the constructlon of
Canbenra, the area was included in the
newly constituted Federal Capital Territary
lor which annual mining reports were not
fumished. Consaquently thera Is tle infor-
mation availabie for the perod up untli the
1840's. Howaver, i appears that there was
no major mining ar prospecting activity at

the locality. In 1946 Broken HIll South Ltd. -

applied for a mining lease over the area and

the deposit was mapped and sampled by -

the Bureau of Mineral Resources. Detaited
sampling was carred oul along the south-

em adit {Tuangt No. 2) and assay resulls re- -

ported (see Table 1). These resulls wera

not sufficient 1o encourage turther work at - .

this time,
in 1951 the deposit was Inspacted by
Lake George Minas Pty. Lid. with a view to

Il

possibly mining the c’-beaﬂng ore 1o

" treatment in thelr planiat the large Cap-

tain's Flat copper-lead-zinc mine, 58 km
southeast of Canberra. This was not fol-
lowed up, partly because of.the dilficully in
obtaining an authority for further explora-
tion and mining in the A.C.T. (Glasson,
1951; and pers. comm., 1986). At one
time, probably also in the 1950s, the de-
posit was investigated by the N.S.W., Jolnt
Coal Board-as a potential source of magne-
tite for coal washing (Smith, 1963). In 1960
surtace oulcrops weare sampled by the Bu-
raau of Mineral resources and tested for
thelr iron and stiica contant (Smith, 1963,
Table 1). The deposil is estimated to con-
taln about one milion tonnes of magnetita.

The Paddy's River mine is now aban-
doned and il is hightwlinfikély that any fur-
ther prospecting or mining aclivity wilt be
permitted at the site due to its closse prox-

imity lo the Colter Reserve and Canberra's -

water supply catchment. The locality has
also been placed on the registry of geclog-
ical monumeants for the A.C.T. because of
its significance as an educational and col-
lecting site. Amateur groups, Including the
Canberra Gem Society and the A.C.T. Lapi-
dary and Mineral Club have collected at the
site over many years and some members of
these organisations have buill up exten-
sive callections, particularly of micromount
samples. A comprahensive collection of
minerals from the site is held by the authors
and some materlal Is kept in the Geology

Mussum at the Canberra College of Ad- °

vanced Education. The Bureau of Mineral
Resources in Canberra also has a smalt
sulte of samples from the ming Including
samples of linarite and magnetite. Some
large samples can still be oblained at the
site by digging inta the dumps, but the
best matedal Is of micremount size. This in-
cludes delicate and intricate secondary
mineral intergrowths and crystals of excel-
lend quality. At the present time restricted
collecting from the dumps and outcrops is
permitted. Mosl of the old underground

GEOLOGY AND W
SKARN

Detalled mapping by the authors
arcund the old mine has revealed a magne-
tita-rich, replaceman skamn, {formed where
coarsa-grained granile of the Shannon's
Flat Adameliite has intruded a limestone
body within Mid to Late Silurian, dacilic
tufts (Fig. 1; Cwen and Wyborn, 1979).
The skarn shows many of the features
charactedslic of classic skam deposits, in-
cluding zoning away from the granite con-
tact (cf. Rose and Burt, 1979). It consists of
a number of irregular, magnetite-rich bod-
ies which conlain abundant quarz veins
ard epidote-quartz rocks close to the gran-
‘fte. These grade out into a zone of mixed
magnetite and silicate skam. This in tum is
surrounded by a narrow zohe of predomi-
nantly silicate skarn containing Irregular -
masses of hedenbargite-, aclinolite-, chlor-
ite- and epidote-rich mcks. Sulphide miner-
als, which are the primary source of the vari-
qus base metals and silver, occur as veins
and disseminations in magnetite and mixed
skarn near the outer contact of tha magne-
fHe-rich part of the deposil. The various sul-
phide minarals are complexty Intergrown
on a fine scale. To the norh, the silicate
skam Is succeeded by marble and panly ra-
crystaliized limestone. Areas of tull separ-
ate some of the magnetite bodies, particu-
larly at the southern end, suggesting
replacement of irregular limestone lenses
Interbedded with these volcanlcs. Some of
the tulls also appear to have been re-
placed by skarn. Maximum surface dimen-
slons of the skarn are 400 mby 170 m and
the maln magnetite body extends to at
{east S0 m below the surface.

The host volcanics and limestone dip
sleeply to the east (ca. 70°-80°) and show
some cleavage development. Fine to me-
dium grained lithic-crystal {ufle underfia,

ATURE ‘OF THE
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and are interbedded with the limestone, placed the granite contact by approximately
which in turn is overlain by a thick body of 300 m {o the west on the southem side.

coarse grained crystal-lithic tuff. The south- Three very smali sateliite bodies of mag-
ern end of the deposit is terminated against  nefite-rich skarn also occur in the vicinity of
these coarse grained tuffs by a north-east  the main deposit (Fig. 1). Two of these are
trending fault. This fault has laterally dis- developed within granite and may repre-

Iy Fig. 1. Location of the Paddy's River Mine and detailed geology of the skarn deposit. Outcrops la-
g belled A, B, and C (in the main insert map) are the small satellite skarn bodles referred to in the text.
Positions of undarground workings are taken from Marmion {1809),
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sent smalt roof pendants or rafts of material

.

-

that were engulied by the Intruding gran-
ite. - ) :
Waeathering and solution of the marble

north of the main skarn deposit has pro- .

duced several small caves {Fig. 1). Some
interesting minerals are developed in pel-
lets, lumps and bedded material in cave-
floor sediments and in speleo-orms. Min-
erals identiied include alunite {KAl{504)2
{QHyg), aragonite (CaClal, beriinite (AIPQ4),
collophane {Cas(PO‘.COQ)s{OH)J. crandal-
lite (CaAl:,{PO.)z(OHjs.HEO). dahliite (Cas
(PO.,GO:,):,(OH)). francoanellite  (He
(K.Na,NH.)BAls(PO.‘)s.13H20). gypsum

{CaS0,.2Hz0), huntite  {CaMgatCOJ}
hydromagnasite (Mgs(coa)q(OH)gAHzO),
leucophosphite (KFBﬂPOdz(OH}.ZHgO}.

. pesquehonite {Mg(Hcog](OH).aHZO) niter

{KNC3) and nitrocalcite (Ca(NO;,)zAHzO}
(Table 2). Some of the cave deposits ap-
pear fo have been mined, probably for use
as fertilizer. ’ )

PRIMARY MINERALS

Prmary or hypogene minerals identified
at the Paddy's River deposit are listed in
Table 2, together with the relevant tech-
niques used in identification. The most
apbundant skam minerals are magnetite, ep-
idote, chiorite, nedenbergite, actinolite,
quarz, calcite, grossular, andradite, and di-
opside. There are also ather silicates in
lesser abundance. The main sulphide min-
arals are sphalerite, galena, chalcopyrite
and pyrite. Minor sulphides include arseno-
pyrite, acanthite and borite.

Sillcates
Actlnolite Caz(Mg,FeJSSiaozz{OH)z

Pale to dark green actinolite oceurs in
asbestiform and radiating fibrous masses in
tayers and pods up to 50 cm wide. These
masses mostly oceur around, and close to
the magnetite bedies, particularly in the.
area of the old surface workings. Actinofite
also oeccurs intergrown with magnetite,
chiorite, epidote and sulphides.

Australian Min

Andradite rqztsm‘)s

Andradite“tis been observed as green
and yellow-brown, massive aggregales and
individual dodecohedrons up to approxi-
mately 1 cm in diameter. It is mostly found
in magnetite-rich skarn in association with
magnetite, quartz, calcite and chiorite.
Three anatysed grains showed an average
of 74% of the andradile molacule
(AlAn GraoSpa)-
Chiorite Group
(Al.Fa.SihOw(OH)g .

A range of oplically and compositionally
distinct chlorita minerals OCCUrs in the
skarn, mostly in association with epidote
and actinolite, but also in minor amounts
with magnetite and the various garnels.
Fine grained epidote-chlorite rocks with a

{AlL,Fa.Mg.MR}s.s

- gerpantinite-like appearance are a feature

of the outer parls of Ine skarr. Minor chlor-
ita also occurs in marble and as an altera-
tion product of mafic minerals in the enclos-
ing tulfs. Chiorite minerals identified in
unweathered rocks include ferroan cli-
nochtore, leuchtenbergite, gonyerite, thu-
ringite and an 11B chlotite.

Clinazoisite Ca.Al(Si0)s(0OH)

Acicular grains of clinozoisite up to sev-
eral cenfimeters long have been noted in
bunches in some of the silicale- and mag-
netite-bearing skams.

Dannemorite an(Fe.Mg)SSiaozz{OH)z

Dannemorite has been identified as o

small greyish-grgen neadies and fascicular
grains intergrown with actinolite and calcite
in amphibole-rich skarn.
Diopside CaMgSizOs

Pale gresn diopsidic skamns occur in
several areas close to the main magentite
bodies. Diopside is usually associated with
quartz, minor calcite, sulphides and mag-
netite. Microprobe analysis of two diopside
grains indicated 839 of the CaMgSi,0g
molecule. - )
Epldote Caz(AI,Fe)g(SEO4JS[OH)€a‘

Epidote accurs widelyghs grained
aggregates with qu orite, grossular
and calcite. It alsggfocurs as a minor miner-
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al, intergrown with m,
bergite. Some quartz-épidote rocks and

- yeins contain epidota crystals up 1o 1 cm

long.
Grossutar CazAl(Si0); ..

Grossular is found as small, usually dull
red, subhedral grains and trapezohedrons
{up to 2 mm), assoclated with caicite and
magnetita. Analyses of several grains indi-
caled an average of 68% of the grossular
end member-(AlgAn, 7GreaSpg). o
Hedenbergite Ca(Fe,Mn}Si;06” L

Dark green and dense skarn rocks rich,

in hedenbergite occur in frregular outcrops
around the magnetite bodies. The heden-
bgrgile forms aggregates of interlocking
prismalic grains {up to 3 mm} with intergran-
ular quartz, carbonate and epighte. [n thin
section, hedenbergite shog:ﬁ:llacemem'

by calcite and Il magnetite-
. hydrogrossular Iaggﬂ&:: Energy disper-
(Tunrel No. 2at

y Capper Syndicate between 1907
coarsa gpiihed tuffe of the Paddy’s River Voleanics, o

B

Flg. 3. Entragg®io the upper adit

by the Co

ite and haden-

sive analysis by alectron-mcroprobe ==
cated an iron-rich varety.. S '
Hydrogrossular CasAl(SIO)s.(OH)x

Hydrogrossular appears to be a late-
slage slhicate in the gkam, commonly re-
placing other mingrals or occurring in cross-
cumpg veins with calcite. Cryslals up to 5
mm in diameter have been noled in calcite
veins in magnetite. - .

Quartz SI0; . "

Fing grained quartz occurs throughout
thé magnetite and silicate skams, and in
some asssmblages it is a major component.
Vains of mitky, crystalline quartz are com-
mon in massive magnelite close to the
grarite contact and crystals up 1o 4 cm long
hava been noted. Quartz also occurs in
late-stage veins with calgite and hydrogros-
glar, L e e e e
“Tale MgaSisOrofCH)z EE :

_ Small masses of pale green to white tak

tha Paddy’s River Mine. This adlt was developad
and 1903, focks to the left of the entrance are
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oceur in association with dolomite and mag-
netite in aftered amphibole-rich rocks at
one of the small satellite skarns {satellite B).
Talc is also found in weathering residues
alter marble near the main deposit.
"“Urallte" ’

Uralitized pyroxenes ocour in some of
the slicate skam.

Sulphides
Acanthite Ag,S

Some small, greenish-grey prismatic
grains contained n galena and observed in
polished section have been identified as
acanthite. This appears to be the main sil-
ver mineral in the sulphides and is usvally
present in only trace amounts.
Arsenopyrite FeAsS

Arsenopyrite is a minor mineral in the
sulphide lodes. It also occurs as inclusion
in magnetite-rich material, generally as mi-
croscopic euhedral graing.
Chalcopyrite CuFeS, e

Chalcopyrite Is widely distributed
throughout the sulphide-rich parts of the
skam, accuring in at least minor amounts
in most sulphide samples. It is present as ir-

Fig. 5. Twinnad cerussite crystal 0.5 mm on hemi-
mu-phnew!m_mwnding"uwﬂh“.

regular intergrowths with magnetite, spha-
lerite, galena, actinolite and chlarite, and
forms inclusions in sphalerite and euhedral
grains of magnetite. It also oceurs with pyr-
ite in cross-cutting veinlets. Some chalco-
pyrite-rich paiches of ore contain irregular
aggregates of chalcopyrite up to several
cenfimetres across. Minor bornite was de-

" tected during X-ray diffraction studies of

one of these large chalcopyrite masses.
Chalkopyrite shows minor alteration to
sooly chalcocite and covellite.
Galena PbS

Galena typically occurs as disseminated,
wispy grains and aggregates (0.02 1o 2
mmy) intergrown with actinolite, magnetite
and other suiphides. It is commonly asso-
ciated with sphalerite but also occurs as mi-
crascopic inclusions in chalcopyrite. it con-
1ains inclusions of chalcopyrite, sphalerite,
acanthite and rare liny grains (<2 u} of a
bright yellow-white mineral, tentatively
identified as electrum. Coarser grained gal-
ena has been noted in calcite veins cutting
magnetita. ‘
Pyrite FaSy

Pyrite is not an abundant mineral bul oc-
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curs in race amounts in sulphide sam-
ples. It mostly forms small aggregates of

" subhedral grains (to. 0.2 mm) intermixed "

with the other sulphidas, but also occurs in

cross-cutting veinlets and ¢oarse grained -

masses In magnetite and chlorite. Pyrite
cubses up 1o several centimetres across
have been found in highly chloritic rocks at
the deposit. Some pyrite contains inclu-
stons and vainlets of other sulphides in-
cluding galena and digenlte (CugSs).  *
Sphalerite (Zn,Fe,Mn)S

Sphaterite is the most common sulphii:le;

at the deposit and occurs in fine grained, ir-
regular aggregates intergrown with athsr
sulphides and with silicates, particularly acti-
nolite. Most sphalerite examined in
polished section contained numerous tiny
inclusions of chalcopyrite, generally re-
ferred lo as "chalcopyrite disease”. This is
possibly a replacement or exsolution fea-

ture of chalcopyrite after sphalerite (cf.-

Craig and Vaughan, 1981, p.125). Micro-
scopic inclusions of galena and subhedral
magnetite also occur in sphalerite. Rarely
sphaterite has been observed as transpar-
en! honey-yellow plates and transiucent,
brownish-red pseudo-octahedral crystals
up to 0.4 mm across (G. Morvell, pers.
comm.). Sphalerite below the oxidized
zone shows mihor replacement by super-
gene covellite {CuS).

Oxldes
Magnetite Fe;O.

Magnetite generally occurs in massive
or fing granular form, in places associated
with quartz, andradite, chlarite, grossular
and epidote. There are three main types of
magnetite: an early formed massive and
granular variety, magnetite intergrown with
sulphides and specular hematlite, and a
fine-grained variety in magnetite-
hydrogrossular intergrowths after heden-
bergite. Magnetite crystals can be found in
veins and quarntz-rich pods. These include
dodecohedra up to 3 cm in diameter and
smaller octahedral crystals. Well developed

90

6. Aggragate of native silver on smithsonite,
::g'n ahogvglng radiating crystats of aurichalcite,
octabedral crystals (fo 3 mm) have been
found in one of the small sateliite bodies
(satelite G, - . - e
Specular Hematlte Fe,Cy -

Most hemalite at the deposit is secon-
dary in origin, having formed from the near .
surface oxidation of magnetite. However,
some bladed, specular hematite occurs in-
tergrown with primary silicates, magnetite
and sulphides and as tiny inclusions in
fresh sulphides indicating that is probably
of primary onigin. -

Carbonates
Caiche CaCOj

Calkile is the main constiluent of the
marble and limestone in the area, forming
smallinterkocking and recrystallized grains
{mostly lass than 0.1 mm). Pods of marble
preserved within magnetite show coarser
grain size. Calcite also occurs in the matix
of some silicate skarm rogks and as secon-
dary veins in marble and magnetite skarn,
Some calcite films and veins on magnetite
fiuoresce red, suggesting a manganoan
variety.
Dolomite CaMg(COs)z

Dolemite is found in buti-coloured sec-
endary veins and thicker "ayer-cake” beds
cutting marble. !t also occurs as crystals up
10 6 mm long near the contact between

Avstrakan Mineraloght, volume 3, July-September 1988



Fig. 7. Fosetis of tabular hamimarphite crystals
1.25 mmencrusting "sturtite”.

skarn and enclosing tuff.

Sulphates
Barite BaSO,

Small veins of translucent, pals brown
barite occur in some of the tufis adjacent to
the skarn deposit.

SECONDARY MINERALS

A large number of secondary minerals
are developed in the upper, weathered
and oxidized part of the sulphide-bearing
magnetite outcrops (Table 2). The oxidized
zone appears to be very irregular and In
some areas fresh sulphides are preserved
almost at the surface. Heavily oxidized ma-

terial consists mainly of mixed magnetite

and hematite with patches of porous and
botryoidal limonite, Other secondary miner-
als occur as encrustations, coatings, veins
and stalactitic masses in cavities, joint frac-
tures and pipes in the oxidized magnetite
and surrounding mixed magnetite-silicate
skam. Important and well developed sec-
ondary minerals include hemimorphite, ce-
russite, inarite, brochantite, hydrozincite,
anglesite and aurichalcite. The best exam-
ples of these minerals occur an the dumps
and outcrops associated with the shallow
surface workings above Tunne! No. 1
{Figs. 1 and 2).

B A o i
A ! L il W b, 3 e e

Natlve Ele
Sliver Ag -
‘A single specimen containing a small
(0.4 mm across) encrusting aggregate of
nalive silver was collected from the main
surface dumps several years ago by Mr. G.
Morvell of Canberra. The native sliver oc-
curs in a small cavity in partly oxidized sul-
phide material and consists of clusters of
minute sphercidal globules {Fig. 14), Fur-
ther checking revealed traces of native sil-
ver as small grain clusters in soma oxidized
chloritic skarn at the main deposit and in
talc-magnetite rocks at the sateliite B locali-

ts’

ty.
Sulphur 5 .

Small amounts of native sulphur have
baen chemically detected in Fmonitic mate-

rial from the oxidized zone. Pale coloured, -

orthorhomblc crystals of native sulphur
{tess than 0.2 mm) have also been direclly
observed-lining small cavities in oxidized
sulphides. These appear to be quite rare.

SILICATES
Chryseeolia (Cu,Al)sHySi05(0OH).nH-O

Chrysocolla cccurs as amorphous,
{ranslucant blue coatings in oxidized mate-
rial at the main surface workings. It has also
been noted as tabutar pseudomorphs after
hemimorphite (G. Morveli, pers comim.)
Ciay Minerals and
Secondary Chlorites

A variety of clay and chlprite minerais
have formed from the surface weathering
of exposed silicate skarn. Minerals identi-
fied include: Meta-halloysite, illite, Cu-
beating smectites, nontronite, sauconite,
and chamosite.. .
Hemimorphite Zn,Si;CH{OH)2.H0

Hemimorphite Is widely distributed in
the oxidized zone at the main deposit and
associated satellite bodies, occurring as
coatings in cavities and in rich, pipe-like
masses up to tens of centimetres in diame-
ter. It forms small, globular, spherical or
hemispherical aggregates (up to 1 mm),
clusters of tiny, tabular crystals (up to 3
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mmy), while to brown cryslalﬂ:rus}s and
very fine grainad, white or grey, massive fill-
ings (Figs 7 and 13). 1t is generally devel-
oped on goathite, pyrolusite and amor-
phous iron and manganese oxides and Is
commonly associated with linarite, bro-
chantite, cerussite, malachite, hydrozincite
and aurichalcite. :
inesite cazMnysimOzatoH]z.sto

Tiny pale grey prisms of inesite have

been found with-hemimarphite where this - *

mineral forms pipe-like concentrations.
Opallre Silica (Hyallte)310,.nH0

Opaline sifica occurs in parts of the main
gossan as thin veinlets and glassy globules
in cavities and fraciures. X-ray studies indi-
cate that this material is mainly hyalite but
some of the opal contains a crislobalite-
tridymite mixture,
Zinestite ZnsSiyOsp{OH)z.4H0

A soft pale brown mineral mixed with
hemimorphite from one of the small satel-
Iite bodies (satellite B) has been identified
as zincsilite.

OXIDES AND HYDROXIDES
Carphosiderite

{Hydronlum Jaroslte} {H30)Fea(80.)z
(OH)

Carphosiderite occurs as bright yellow,
powdery coatings on hematite and magne-
tite surtaces in the oxidized zone.
Ferrihydrite 5Fe;0s.9H:0

An orange-brown sludge can be seen
forming at the preseni lime near seepages
at the base of some slopes near the mine
workings. Chemical analysis indicates that
this material contains ferrihydrite.
Goethite FeO(OH)

Goethite and associated earthy hema-
tite are the main canstituents of gossanous
material developed on the oxidized mag-
netite bodies. The goethite includes both
residual and exotic (redistributed) varieties
and parts of the gossan show a well devel-
oped cellutar boxwork struclure of limonite
{mostly goethite) after magnetite.
Hematite FeCq

a2

i on Emonite with

Coatings and vug filings of powdery,
red-brown hematite are common in oxi-
dized magnetite outcrops. Earthy hematite
is also common in the soit overlying weath-
ered magnetite. Secondary, specuiar he-
matite eccurs in cavilies in magnetite and in
weathered silicates. Dense hematite (mar-
tite} has extensively replaced magnetite in
the oxidized zone and replacement tex-
fures can be clearly seen in polished sec-
tion, Blood-red, powdery coatings on
some gossan surfaces probably represent
hydrated hematile or "turgite™. Considera-
ble water is lost from this material on heat
ing above 140°C. .
Pyrolusite MnO2

Black coatings of pyrolusite occur on
weathered silicate skarn and with some
hemimorphite concentrations.

Todorocklte {Mn,Ca,Mg)Mn,O3.H0

Todorokite is widely distributed in the
oxidized zone as brown botrycidai coat-
ings. 1t is also commanly associated with
hemimorphite, forming an underlayer for
crystals of this mineral.

"Sturtite”

A lustrous dark brown material is com-
mon as thick coatings and small botryoidal
masses in vugs and cavities in association
with goethite and pyrolusite. Crystals and
aggregates of hemimarphile, brochantite,
linarite and other sulphates are typically de-
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Fig. 9. Radlating cluster of aclcular aurichalksite
crystals developad on "sturtite". Group I8 1.75
. mm In diametar.

veloped on this material. On the basis of X-
ray diffraction studies and chemical tests in-
dicating a high manganese conient, this
substance has been identified as "“stuttite”.
“Sturtite” Is well known from the oxidized
zone of the Broken Hill orebody in N.S.W.,
but is not recognized as a definite mineral
species {Fleischer, 1983},

“Wad"

Black, earthy veins and patches of
"wad" (mixed manganese oxides and hy-
droxides with some iron) occur in gossan
after massive magnetite. Some of this ma-
terial contains up to 24% manganese, irac-
es of cobalt and up to 700 ppm silver,
HALIDES
Cerargyrite AgCl’

Ammonia-scluble silver chioride accurs
widely In earthy gossanous material from
the main workings and the satellite B de-
posit, At the latter locality crystalline cerar-
gyrite has bean detected as tiny bunches
of pale purple cubes (less than 0.02 mm)
lining cavities in limonite. Some of tha siver
chioride may also be present as the amor-
phous or colloidal form somelimes referred
to as "ostwaldite” or "butter milk" silver (e.q.
Cornu, 1909).

CARBONATES
Aurlchalche (Zn,Cu)s(COa)a(OHe

Aurichaicite is widely distributed in small

amounts, occurring as pale blue crusts, ag-

' gregates of neﬁlxk& crystals and larger

prismatic ery$tals up to 3 mm long. It Is de-

~ veloped In associalion with cerussite and

hemimorphite at the main surdace workings,
and as coatings on hemimorphite associat-

" ed with smithsonite at the satellite B skam.

Tiny, delicate sets and c¢lusters (up to 1

mm) of acicular aurichalcile are among ~

some of the more attraciive specimens
from the locality (e.g. Fig. 9).
Cerussiie PhCO,

Cerussite coours in a variety of forms in-
cluding small, grey 1o colourless tabular
¢rystals (up to 3 mm), greenish hairs {up to
45 mm}, discoidal grains coating caiity sur-

_faces and white asbestiform masses in km-
_onite. Twinned crystals are not uncommon

(Fig. 5). Green-, pale blue- and brown-
stained varieties also occur in crusts and
stringers. In some parts of the oxidized
zone cerussile is enriched in greyish-white
pods up to 40 cm across, Cerussita is com-
monly associated with finarite as well as mi-
nor brochantite and angtesite. It oocurs on
hemimorphite and some cerussite crystals
show coatings of finarite and anglesite.
Hydrozineite Zng(COa)(OH)s

Hydrozincite occurs in some drusy lin-
ings to cavities In goethile, where it may
form fine specimens of crystals up lo sever-
al millimetres. It can be found associated
with calcite and epidote and also as coat-
ings on some marble. The mineral fluoresc-
es billiant blue-white.

Kutnahorite Ca{Mn,Mg,Fe}{COq)s

Brown, fine granular material in hemi-
marphite pipes at the small satellite B locafi-
ty has been identified as kutnaherite.
Malachlte Cun{GO3)(OH),

Matachite is relatively uncommon in the
oxidized zone at'Paddy's River. It has been
noted as minor earthy crusts and small
spheroidal aggregates of acicular grains
(Fig. 11). It oceurs in dump material at the
main surface workings and in a smail pit on
the wastern side of the main deposit. It is
generally associated with cerussite pods
and lumpy goethite.
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Slderite FeCO, @ :
Dark brown thombs of siderdte {crystals-
up to 0.5 mm) occur with quariz, hematite
and hemimorphite at the small satellite B
depasit. Tiny siderite rhombs,{less than 0.1
mm) have also baen observed fining cavi-
ties in oxidized sificate skarn at the main de-
posit,
Smithsonlte ZnCO:; '
Smithsonita occurs rarely as white and
pale, greaenish-grey encrustations in cavi-
ties, either alone or with hemimorphite. Co-
lourless, tear-drop, ¢rystal aggregates and:,
small shombohedral crystals up to 0.2 mm
have also beenh observed. Pale green
translucent aggregates of smithsonite
have been noted in associalion with native
silver and hemimorphite in one samplsa.

SULPHATES
Angiesite PbSO,

Anglesite is found as small colourless .
prisms {up to 3 mm} and as very fine
grained coatings in cavities. It is associatad
with cerussite, brochantite and linarite.
Brochantite Cu,{SO,)(CH)s

Brochantite is the predominant, green
secondary mineral found at the Paddy's
River depasit. it mostly occurs as small
granular lumps and coatings of tiny acicular
grains (up to 0.2 mm) in cavities and on
fracture surfaces in magnetite, imonite and
weathered silicate material. Well devel-
oped, prismatic and sfubby, striated crys-
tals {to 2 mm} cccur in same material from
the main dumps {Fig. 8). Brochantile is
commonly associated with linadte and hem-
imprphite and has also been observed en-
crusting and possibly replacing malachite
(Fig. 11).

CaledonHe PbsCuz(CO3}(SO)a({CH)e

Rare caledonite occurs as minute agua-
biue, prismatic ¢rystals up to 0.05 mm
across, These crystals are striated parallel
to the prism faces and are commonly asso-
ciated with white coalings of zinc sul-
phates.

Copiapite {(Fe.Mg)Fe.(S04)e(OH}.20H0

94
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Fig. 10. Spheraidal malachltn aggrnqlias to u.4'
mim associated with mruslu.

Copiapite occurs as yellowish, micre-
crystalline coatings and brown patches of .
hard gritty malenal on magnahie-hematlta
surfaces.

Goslarite {ZnMn)SO,. 7H20
Gaslarite has been delected as a com-

'ponem in white to pale green efflorescent

coatings on oxidized surfaces. -
Gypsum CaS0,.2H0 :

Minor gypsum occurs as fne—gramed
crystalling crusis, aggregates of parallel
crystals {up to 9@ mm long) and small lumps
in weathered mullock on the mine dumps
Jarosite KFes(S0,)2(OH)s

Dark-yellow aggregates of small ;arosute
crystals have been observed on imdescent
limonite in specimens of tremolite-
magnetite rock. This mineral also forms
powdery coatings on same of the ofd un-
derground mine surfaces.

Langite Cuy{SQ,)(CH).2HO .

Langite forms blue-green crusts and is
mostly found coating diopside grains in
weathered sulphide-silicate skarn. It also
cceurs mixed with brochantite.

Linarite PbCu{SO}(OH])»

Linarite is a widespread secondary min-
eral in the oxidized zone. It typically occurs
as fine grained, blue ceatings and scaley
aggregates on limonite, as well as in frac-
fures in actinolite-rich silicale skarn, Less
commonly it forms small {to 2 mm), azure
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Fig.11.Malachite coating and puudnmorphlng
yrochantits on hemimorphite with Intergrown 1
narite. Malachita aggregates are 0.5mum Across.

blue prismatic crystals lining cavities with
cerugsite, anglesite and brochantite (Fig.
4). Rarety, finanite can be found in radiating
prisms up to 1 cm long.
Pickeringite MgAlz(SO.}.zzﬂzo

White tibres of pickeringite have been
detected in effiorescent coatings on a
piece of buried chlorite—talc—magne.tite-
guartz rock from the dump at the satelite B
deposit.
Rozenlte FeS0,.4Hz0

Rozenite has been identified in soluble
white crusts on some surfaces of oxidized
material.
Zinc Sulphates o

Various zinc sulphates oceur in fine,
dusty white coafings and films de«vel_oped
on less exposed surfaces in the old pu and
on lmps of sulphide ore buried in the
dumps. The major Components are goslar-
ite (see above), bianchite (Zn
(SO.).GHzo)and a basic zinc_su[pl:lala—
hydrate (Zn;(OH)mSOAHzO) whph isinsol-
uble at pH greater than 5.3. Chemical Ianaly-
sis of soluble material indicates that it con-
tains in addition to major Zn, minor Al, Mg,
Na, Cu, Cd, K and Mn, largely as sulphates.

PHOSPHATES
Pyromorphite (Pb,Oa)s(Poa;,CI

Trace pyromorphite oceurs as palelyel-
lowish-green, earlny coatings and marmihary

-

crusts in bos=pTk Imonite. Semi-
quantitative ch 1 anlysis of some sep-
arated pyromorphite indicated major Pb, Ca
and P with minor Cl and As. Yellow-brown
{0 white transiucent fibres associated with
this pyrornorphita were found from X-ray

" diffraciion studies and chermical analysis to

be carbonate-hydroxyl apatite. Gen_eral!y
phosphates appaar to be very rare in the
oxidized zone.

ARSENATES
Scorodlie FeAsQ,.2H:0

Scorodite has been detecled as coat-
ings on soma weathered sulphide samples
puried in the lower dumps. It ocours as
pale, resinous trown globules and cup-like
aggregates from 100-400p. across. Micro-
probe analysis indicated trace impurities of
Mn and Zn. :

DISCUSSION

‘The skarn mineralisation at Paddy's Riv-
er formed by metasomatic alteration of lime-
stones interbedded with dacitic tuffs during
intrusion of the neardy Shannon's Flat Ada-
maliite. Badiometric dating of this intrusion
near Paddy's River using the rutidium/
strontium technique, has indicated an em-
placement age of 4142 million years (Rod-
dick and Compston, 4976, adjusted using
decay constant of Steiger and Jager,
1977). This would give a maximum possiple
age for the skam mineralization of about,
416 miiion years.

Mineralogical variation in the skarn is re-
\ated partly to distance from the granite
contact and parlly to original host rock com-
position. For example, chiorite- and epi-
dote-tich Tocks appear to be more CORYMON
in peripheral silicate skarn where the skam
is flanked by wifs. Hedenbergite-rich as-
semblages ocour adjacent to marble.' F_ac-
tors which are generally thought to be im-
portant in controliing skarn mineralogje.s
include: chemical composition of the ongl-
nal rocks and introduced fids, pressure,
temperature, redoxX potentiat and pH (acidi-
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ty-alkalinity) of 1he envigEnant and BoKs.
It is ditficult to inlerpreﬂecenalmy the

complex physical and chernical corditions
of skam formation at Packly's River, particu-

larly as there has been some later (retro- '

grade?) alteration of certaln méneral assem- -
blages. The mineralizing flulds are fkaly 10
have contained significant iron, to account
for the abundant magnetite and iron-fich
sillcates, such as hadenbergite and actino-
lite. They were probably also CO,fichasa
result of decarbonation reactions in the
Emestone. The presence of sulphides.
would raquire a moderate sulphur activity, *
at laast in the later stages of skarn deveiop-
rent. By analogy with similar skam depos-
its, fluids containing base metals and sitver
wera probably introduced from the intrud-
ing granite, (cl. Shimazaki, 1980), although
the possiblity of leaching from the sur-
rounding volcanics can not be ruled out on
existing evidence. The presence of epi-

Flg. 12- Radlating, aclcular linarite crystals (6
mm) developed on ferrugincus, westhered trem-
olte-rich skarn.P. Millsteed spacimen and photo.

whow

dole-quar AR, 10
gether with the genaral abund of epi-
dote and magnetite, indicates a relatively
high oxygen fugacity throughout much of

the skarn during its formation (cf. Liow, -

1973). .
" Some broad limits can be placed on

peak temperature conditions in the skam

by cautious application of experimental
minaral equilibria data, assuming pressures
during contact metamorphism of approxi-
mately 1 kb (+0.5 kb). Given that the host
limestone would act as a rather weak rock,
fluld pressures would probably have ap-
proximated total prassure. This pressure

estimate is based on petrographic features ™~

of the Shannon's Fiat Adameliite together
with contact relationships suggesiing that it
is a high level intrusion {Roddick and
Compston, 1976). The fact that the granite
is emplaced into comagmatic volcanics of
only slightly cider age and with a strati-
graphic thickness of about 4 km {Owen and
Wyborn, 1979) would lend further cre-
dence to this estimate. Absence of wollas-
torite in calcite-quartz, hedenbergite and
grossular-quartz assemblages indicates
that temperatures in the skarn were fess
than an absolute maximum of 670°C and
probably less than £00°C, depending on
the exac! pressurg and aclivity ol COy
(Greermwood, 1967, Winkler, 19749}, Forma-
tion of andradite in sulphide free, quariz-
caleite-magnetite rocks, suggests that lem-
peratures exceeded 500°C for likely condi-
tions of GO, activity (Taylor and Liou,
1978). Diopside-bearing assemblages
would be consistent with temperatures of
about 450°C at 1 kb pressure (Siaughter et
al. 1975).

Taxtural and mineralogical features in
the skarn indicate early formation of cale-

silicates and massive magnetite, with chio- ’

fitic and aclinolitic racks developing around
the magnetite bodies, possibly at a later

- stage. Veining and smail scale cross-

cutting texiures indicate that sulphides,
some specular hematile and additional
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bedded with dacitic Wiis, close 1o the gran-
ite contact. Magnetile .and cale-silicate
skarn rocks prebably formed at tempara-
tures between 500° and 600°C, under rela-
tively oxidizing conditions, These primary
skarn assemblages underwent some later
alteration, possibly at lower tempsratura.
Sulphide mineralization was introduced
into the skarn to form the small lodes which
have been the focus for prospecting and
mining activity at the deposit.

Various secondary minerals, including
base metal silicates, carbonates and sul-
phates, developed in gossanous material
as a result of surface weathering, oxidation
and precipitation from percolating ground
waler. .

At least 2B primary, and 43 distinct sec-
ondary minerals have been identified at the

TABLE 1: Assay date from the

_—
deposit, nogluding rock-ferming mines-
als in the surrounding tuffs and granite. A
further 14 minerals have been detected in
cave deposits nearby. Additional minerals
pil;obably awalt discovery at this interesting
site. - :
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5 & 7 8

% 1 2 a3 4

Qi 18 0.4 {nd-0.9) 2.91 a.27 B.04 295 -
Pb 34 0.8 {nd-32.6) 2.08 4,00 12.15 a.01

Zn 11 2.6 (0877 11,65 8.04 6.69 6.46 - .
Fa - - - - - 69.2 705
Mn - - - . - - - .38
P - - - - - - 0.10
Si - - - - - 2,16 0.97
Ti - - - - - - 017
Bl - - 40 315 560 a0 -

Cd - 1140 770 780 620 - -
Mn - aszad 2490 2760 2100 - -
Sh - - 100 Bg 110 50 - -
g/t .

Ag 72 72 (3-318) 174 233 12340 11090 - -
Ar 23 <03 {nd-0.6} 21 16 8.8 52 - -
.= not analysed, nd = nol dalected

1. Average reported assay for mined ors (Cowley Copper Syndicate, NSW Depl. Mines, 1909 (b}, analyst

unknewn),

2. Average and range for assays of 26 samples collected alang 39m ol upper adit {Tunnel No 2, from

Smith, 1963 assays by Seulh Broken Hill Lid).
Assays of lour grab samples of lode material from

dumps (samples 350-820 g, analysis by ARL arc

sotlrce amission spectrograph, analyst J. Caldwall].
7. Anglysis af 18 kg chip sample Irem surface oulerops of high grade iron ere [S'milh. 1563; analysis by

BMR Laboralories).

8, Analysis of 0.5 kg sample of massive magnelite {analysts by EM specirography end wel chemisiry,

analyst, J. Cakiwel).
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from hemimorphite-rich plpa. J. Caldwall speci-
men and SEM photo.

magnetite were introduced into pre-
existing silicate and magnetite skarn rocks.
1t is difficult to determine a paragenetic se-
quence for the sulphides. Sphalerite, chal-
copyrite, galena and pyrite generally show
mutual intergrowth and appear lo have de-
posited at approximately the same stage.

There has possibly been some replace-

ment of sphalerite by chalcopyrite and
cross-cutting veinlets of pyrite may repre-
sent a later episode of suiphida deposition.
Trace acanthite and electrum probably
formed by exsolution from their galena
host.

Later alteration in silicate skam rocks
possibly accompanied sulphide introduc-
tion and involved minor alteration of heden-
bergite to magnetite and hydrogrossular,
as well as the formation af calcite, hydro-
grossutar and quartz-hematite veins. Chlo-
ritic atteration of magnetite-grossular rocks
may also have occurred at this stage.

Exposure and surface weathering of the
deposit possibly commenged in the Late
Tertiary {ef. Offier and Brown, 1975; Ruxton
and Taylor, 1882) and resulted in extensive
leaching and oxidation of the more porous
and chemically unstable parts of the skam.
This preduced the vugs and pipes coniain-
ing stalactiic concentrations and drusy
coatings of the various secondary minerals.
Coatings and fracture-fillings in massive
magnetite and sulphide-poar rocks indicate

. significant precipltation from groundwater,
" In addition to direct replacement of sul-
: phides. The predominance of brochantite
_ahd finarite as the main secondary copper

Fig. 13. Tabular hemimorphits crystalsto 0.8 ma,

minerals, together with the . limited occur-

“ rance of malachite and apparent absence .

of azurite probably reflect somewhat unu-
sual chamical conditions in the oxidized
zone. Lack of azurite suggests a limited
carbonate activity during weathering, and
his would also account for the abundance

 of, brochantita. Precipitation of malachite

can occur under atmaspheric CO activity:”
but requires neuiral to weakly alkaline con-
ditions (pH 7-8; Vink, 1986). The main
weathering reactions in the gossan in-
valved major axidation of magnefite and -
more Eimited sulphate formation from ihe
breakdown of lass abundant sulphides.
Oxidation of Fe2+, contained in magnelile,
to Fe3 in hemalite foltowed by hydrolosis
would tend to Increase the acidity {de-
crease the pH). Low pH values could be
maintained in magnetite-rich parts of the
deposit due to the fimited availability of sili-
cates and carbonates to buffer the environ-
ment to higher pH. This would restrict pra-
cipitation of malachite and favour
deposition of sulphates such as brochan-
tite and bnarite. - - S

Supergene enrichment of primary sul-
phides below the oxidized zone appears o
have been very limited at Paddy's River.
Very minor covellile, chalcocite and digen-
ite are the only supergens sulphides that
have been recagnized. The restricted oG-
currence of pyrite, for generating excess
sulphate and sulphuric acid during oxida-
tion, and possibly the ground water condl-
tions at the site may have contributed to
this limitad supergene alteration.

CONCLUSIONS

The mineralogically zoned, replacement
skarn at Paddy's River formed during high-
leve] intrusion of the Late Slurian, Shan-
non's Flat Adamellits, Metasomatic fluids
reacted with and replaced limestones inter-
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PRIMARY MINERALS

Sllientes

Actinalile 123
Andradite 123
Chlorite (I1B) 123
Clinochlore 123
Clinozeolshe 1,23
Dannemorite 1,25
Diopsids 125
Epldote 1,23
Gonyaerlia 2386
Grossular 124

Hadenbergile 1.2.5
Hydragrossular 1,2
Leuchlanbergite 2,5

Quanz 1.2
Tale 2
Thuringite 124
*Urallte* 1.2
Sulphidas

Acanthite 1.2
Arsanocpyrite 1.5
Bornite 2
Chalcopyrite 123
Gelena 124
Pyrite 1,2
Sphalerite 1,23
Oxidas

Magnetite 1,24

Specutar Hemaille 1,2

TABLE 2 iy
Minerais Identified at the Paddy’s m«.-.
assocleted snistlite skarns and nearby caves.
{Numbers reler to tachnigues used In identlfication.)

Zinc Sulghales 2.4,

Curbonetes Gosthite 1.2
Calclte 12 " Homailte 12 §
Dolomile 24 Pyrolusite 2z . Fhosphates
'Sturthe’ 2,34 Pyromorphite 2.4
Sulphates Todorokite 2
Barile 2 Arsenats
Halldes Scorodile 4.5
SECONDARY MINERALS  Cerargyrita 24
. Cave Minarals
Native Elamanis c.rbuq-t" Alunite 24
s":ﬂ" 14 Aurfchalclte 2.4 Aragonite 24
Sulphur 1.5 Cerugelle 2.5 Berlinita 2.4
Hydrazineite 2.5 Collophang 24
5:‘“951‘" Kulaohorite 2,5 Crandalllie 25
Chamosite 1,23 Malachite 2.4 Dahllite 24
ghrs'snwlla 1 Siderite 1,4 Francoanellite 2.4
alloysile 26 Smilhsenite 2 Gypsum - 2
Hemlimerphite 12,8 Hunlile 2
:-wallle 1.2.4 _ Sulphates Hydromagnesite 2
:eslle 2,8 Anglesite 2 Leucophasphite 2.5
. onlionile 25 Bianchits - 2.4 Nesquehonita 2
zauconlte 24 Brochantite - 126 Nller, 2
Incsifile 24 Caledonite 1.2 Nitrocalcite 24
s N Chalcanthite 2.4 .
uparg P Coplapil 24 1 = oplical microsco-
gh”“‘lﬂ"’ 1.2 Gaelarlie 24 By
D_avel! te 1 Gypsum 24 2 = X-ray dilfraclion
iganile 1,28 Jarosite 2 3 = X-ray fluorescence
Lanolte - 2 4 = wel chemical I-
Oxidez, Hydroxides |_|nfm, . 124 ysis i
Carp.hoslferhq 238 pickgrin'gué' 2 o 5=SEM-EDAX
Ferrihydrile 4 Rozanite - = 2,4 6 = SEM - marphology

All photographs by P. Milisteed. All samples collected by G. Marvell
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Fig. 14. Globular native silver with sphmoldsl
forms to 20i. G. Morvell specimen, J. Caldwall
SEM photo.

the A.C.T. Lapidary and Mineral Club for
valuable discussions on the Paddy's River
deposit and for allowing us to examine and
photograph specimens from his extensive
micromount collection. The Canberra Col-
lege of TAFE kindly allowed the use of their
macrophotographic tacilities. Robyn Mason
and Robyn Heaslip assisted with prepara-
tion of the manuscript. Messrs. F. Krikowa,
L. Wensing and J, Magee heiped prepare
the photographs.
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